AD-A059  749 


UNCLASSIFIED 


ARMED  FORCES  RADIOBIOLOGY  RESEARCH  INST  BETHESDA  MD  F/G  6/18 

TESTS  OF  BIOLOGICAL  INTEGRITY  IN  DOGS  EXPOSED  TO  AN  ELECTROMAGN— ETC (U) 
AUG  78  S J BAUM 

AFRRI-SR78-2  NL 


•12-78 


% FllfcOP?  AO  AO  59  7 49 


(S 

TESTS  OF  BIOLOGICAL  INTEGRITY  \ 

IN  JJOGS  EXPOSED  TOlLN 
IleCtroM’agnetic  PULSE  ENVIRONMENT 


S.  J.  Baum 


1 10) 


c 


/ g < i ■ i 


/ 1 G/AY-tA  f 
1 j/.nlfL! 


AuguJl't178 


It 


D D C 

r?(7DPnn  nr? 


OCT  16  19TB 


EisEinns 

B 


Approved  (or  public  release;  distribution  unlimited 


ARMED  FORCES  RADIOBIOLOGY  RESEARCH  INSTITUTE 


Defense  Nuclear  Agency 
Bethesda,  Maryland  20014 


REVIEWED  AND  APPROVED  [ \ 

DARRELL  W.  McINDOE 
Chairman  Colonel,  USAF,  MC 

Experimental  Hematology  Department  Director 


Research  was  conducted  according  to  the  principles  enunciated  in  the 
"Guide  for  the  Care  and  Use  of  Laboratory  Animals, " prepared  by  the 
Institute  of  Laboratory  Animal  Resources,  National  Research  Council. 


— 


UNCLASSIFIED. 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whmn  DUmEnln^dl 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER  2.  GOVT  ACCESSION  NO. 

AFRRI  SR78-2  ^ 

3.  RECIPIENT'S  CATALOG  NUMBER 

4.  TITLE  find  Sub, HI.) 

TESTS  OF  BIOLOGICAL  INTEGRITY  IN  DOGS  EXPOSED 
TO  AN  ELECTROMAGNETIC  PULSE  ENVIRONMENT 

5.  TYPE  OP  REPORT  A PERIOD  COVEREO 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORS 

Siegmund  J.  Baum 

8.  CONTRACT  OR  GRANT  NUMBERS) 

t-  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Armed  Forces  Radiobiology  Research  Institute  (AFRRI) 
Defense  Nuclear  Agency 

Bethesda,  Maryland  20014 

^lt>.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  A WORK  UNIT  NUMBERS  A 

ttttSB'-QAXM 

F 101  06 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Director 

Defense  Nuclear  Agency  (DNA) 

Washington,  D.  C.  20305 

12.  REPORT  OATE 

August  1978  j 

13.  NUMBER  OF  PAGES 

u 

14.  MONITORING  AGENCY  NAME  A ADDRESSf/f  different  from  Controlling  OtU cm) 

15.  SECURITY  CLASS,  (of  thlm  report) 

UNCLASSIFIED 

15a.  DECLASSIFICATION/DOWNGRADING 
SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (o  1 thlm  Report) 

Approved  for  public  release;  distribution  unlimited 

17.  DISTRIBUTION  STATEMENT  (of  the  mbetrmct  entered  In  Block  20,  If  different  from  Report) 

16.  SUPPLEMENTARY  NOTES 

19.  KEY  WOROS  (Continue  on  rereree  el  do  If  nec  memory  end  Identify  by  block  n%mbmr) 

fct 

Dogs  were  exposed  to  an  electromagnetic  pulse  (EMP)  environment  8 hours  each  day  for  45 
days.  At  the  end  of  that  time  they  had  received  5.8  x 10*>  EMP  at  5 pulses/sec  with  a peak 
electric  field  intensity  of  447  kV/m.  Biological  tests  were  conducted  to  ascertain  concen- 
tration of  erythrocytes,  leukocytes,  neutrophils,  lymphocytes,  reticulocytes,  and  platelets. 
Bone  marrow  samples  were  obtained  by  biopsy  from  the  ribs  7 days  before  and  7 days  after 
the  last  EMP  exposure  for  assessment  of  mitotic  rubricytes  and  myelocytes.  Pregnant 
female  dogs  were  exposed  to  the  EMP  environment  in  order  to  study  possible  gross  effects  _ 

DO  , 1473  of  . NOV •• .» omsolftc  UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAOC  !>•*•  Bntfd) 


SECURITY  CLASSIFICATION  OF  THIS  FAOEfWH«n  Data  Katatad) 


20.  ABSTRACT  (continued) 

on  fetuses.  Reproductive  capabilities  of  irradiated  male  animals  were  tested  for  1 year 
after  the  last  exposure.  None  of  these  tests  revealed  any  injury  in  the  EMP-irradiated 
dogs.  , 


NTIS 

White  Section 

DOC 

Buff  Section  □ 

UNANNOUNCED 

□ 

JUSTIFICATION 

BT 

■RMIM/IVHUHirr  COOES 

DM.  A 

A 

FAIL,  and/o 

SPECIAL 

UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  this  NAGEfW Dmtm  Bnffd) 


INTRODUCTION 


The  short,  intense  electromagnetic  pulse  (EMP)  produced  by  high-altitude 
nuclear  explosions  may  radiate  over  many  hundreds  of  miles.  Since  such  pulses 
can  induce  large  voltages  and  currents  in  conductors,  some  cables  and  elec- 
tronic test  equipment  in  early  nuclear  weapons  testing  were  upset  or  damaged 
by  the  EMP  energy.  Simulators  of  EMP  environments  were  constructed  to  study 
these  effects,  and  they  presented  a potential  hazard  to  personnel  conducting 
the  tests.  However,  early  analysis  indicated  that  for  a body  insulated  from  the 
ground,  current  flow  and  thermal  heating  do  not  pose  a hazardous  condition  (1). 
The  possibility  existed,  however,  that  at  the  molecular  level  in  biological  sys- 
tems, there  were  vital  ionic  and  electrochemical  processes  that  could  be  alter- 
ed by  rapid  pulses  of  electric  and  magnetic  fields.  Potentially,  such  altered 
processes  could  affect  acutely  biological  systems  with  high  cellular  turnover 
(2). 

However,  results  obtained  from  experimental  studies  conducted  at  the  Armed 
Forces  Radiobiology  Research  Institute  (AFRRI)  clearly  indicated  that  rodents 
exposed  continuously  for  94  weeks  of  their  adult  lives  to  a total  of  2.5  x 1()8 
pulses  from  an  EMP  simulator  sustained  no  detectable  injuries  (2,3).  Each  ani- 
mal was  subjected  to  5 pulses/sec  at  peak  electric  field  of  447  kV/m;  each  was 
insulated  from  the  ground  to  prevent  current  flow  into  or  out  of  the  body.  This 
exposure  condition  was  considerably  in  excess  of  that  normally  encountered  by 
workers  operating  EMP  facilities  (4).  The  biological  tests  involved  parameters 
from  systems  of  high  cellular  turnover  (such  as  the  hematopoietic  and  reproduc- 
tive systems)  and  from  tumor  inducers.  Partly  based  on  these  negative  findings, 
the  Occupational  Safety  and  Health  Administration  (Department  of  Labor)  de- 
cided that  a proposed  standard  on  human  exposure  to  electromagnetic  pulses 
should  not  be  issued  (5).  However,  since  the  geometrical  differences  between  a 
small  rodent  and  man  are  rather  large,  it  is  possible  that  physical  and/or  physio- 
logical changes  could  be  induced  by  EMP  in  man  that  might  not  have  been 
observable  in  the  much  smaller  rat  or  mouse.  Therefore,  the  selection  of  a 
larger  mammal  with  a hematopoietic  system  similar  to  man  was  indicated.  The 
animal  of  choice  was  the  dog  because  of  the  similarity  of  its  blood  cell  produc- 
tion to  that  of  man  and  the  availability  of  accurate  data  for  normal  animals 
(6-8).  Furthermore,  it  is  known  that  many  human  diseases  have  a canine  equiv- 
alent (9).  The  present  experiment  was  designed  to  measure  the  acute  effects  of 
EMP  exposure  on  the  hematopoietic  system  and  on  some  aspects  of  the  repro- 
ductive system  of  a few  dogs  in  order  to  compare  with  results  obtained  earlier 
in  rats. 

METHODS 

Healthy,  purebred,  AKC-registrable,  male  and  female  beagles,  1-2  years  old, 
ranging  from  9 to  13  kg,  were  obtained  from  the  AFRRI  colony  for  use  in  this 
study.  They  were  under  a veterinarian's  care  for  prevention  of  parasitic  infes- 
tation and  were  immunized  against  distemper,  hepatitis,  and  rabies. 


Before  the  experiment  and  when  not  being  exposed  to  the  EMP  or  sham  environ- 
ment, the  dogs  were  housed  individually  in  stainless  steel  cages  of  officially 
approved  size  in  temperature-controlled  rooms.  Approximately  65  days  after 
the  first  EMP  exposure,  the  dogs  were  boarded  at  the  colony  of  Richard  E. 
Saunders,  Inc.,  Richmond,  VA.  There  the  dogs  were  housed  in  larger  cages  and 
were  given  adequate  space  for  exercise.  The  animals  were  fed  kibbled  labora- 
tory dog  food  daily,  supplemented  once  a week  with  a high-protein,  canned- 
meat  ration.  Water  was  available  ad  libitum. 

A total  of  26  dogs  were  used  in  this  study;  9 (4  males,  5 females)  were  exposed 
to  the  simulated  EMP  environment  and  9 (4  males,  5 females)  served  as  sham- 
irradiated  controls.  Four  pregnant  female  dogs  were  exposed  to  the  EMP  envi- 
ronment between  days  10  and  55  of  gestation  to  measure  possible  radiation  ef- 
fects on  the  fetuses;  4 nonexposed  pregnant  female  dogs  served  as  controls. 
The  animals  were  exposed  to  the  EMP  environment  8 hours  each  day  for  45 
days.  At  the  end  of  that  time  they  had  received  approximately  5.8  x 106  EMP. 

Blood  samples  were  obtained  via  jugular  vein  1 week  before  exposure,  there- 
after every  week  during  the  45-day  exposure  period,  and  for  3 weeks  thereafter. 
Final  blood  samples  were  obtained  1 year  after  the  last  EMP  exposure.  The 
concentrations  of  erythrocytes,  leukocytes,  neutrophils,  lymphocytes,  reticulo- 
cytes, and  platelets  were  routinely  determined  in  1 mm3  of  blood.  Bone  mar- 
row samples  were  obtained  by  biopsy  from  the  ribs  7 days  before  and  7 days 
after  the  last  EMP  exposure.  For  this  procedure  the  dogs  were  anesthetized 
with  Nembutal  sodium  solution  at  a concentration  of  30  mg/kg,  injected  intra- 
venously. The  fraction  of  mitotic  rubricytes  and  myelocytes  was  determined. 

The  AFRR1  EMP  generator  used  in  this  study  has  been  described  previously  in 
detail.  It  provided  5 pulses  per  sec  with  a peak  electric  field  intensity  of  447 
kV/m  with  a 5-nsec  rise  time  and  a 550-nsec  1/e  fall  time  (1).  The  pulse  genera- 
tor fed  a parallel  plate  transmission  line  structure  that  permitted  the  place- 
ment of  five  nonmetallic  dog  cages  beween  the  plates  to  prevent  current  flow 
into  or  out  of  the  dog  body. 

Student's  "t"  test  was  used  to  determine  the  significance  of  differences  between 
groups. 

RESULTS 

A comparison  of  concentrations  of  the  circulating  erythrocytes  and  reticulo- 
cytes clearly  indicates  that  exposure  to  electromagnetic  pulses  had  no  injurious 
effects  (Figures  1 and  2).  The  number  of  peripheral  leukocytes,  neutrophils,  and 
lymphocytes  of  irradiated  dogs  was  similar  to  that  of  nonirradiated  control  ani- 
mals (Figures  3-5).  No  changes  were  observed  in  the  concentration  of  platelets 
(Figure  6).  One  year  after  the  last  EMP  exposure,  blood  values  were  obtained 
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Figure  1.  Erythrocyte  concentration  per  mm  of  blood  in  dogs  exposed 
to  an  EMP  environment  8 hours  per  day  for  45  days.  Each  point  shows 
a mean  value  with  the  associated  standard  error. 
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Figure  2.  Concentration  of  circulatory  reticulocytes  per  mm  of  blood 
in  dogs  exposed  to  an  EMP  environment  8 hours  per  day  for  45  days. 
Each  point  shows  a mean  value  with  the  associated  standard  error. 
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Figure  3.  Number  of  leukocytes  per  mm3  0f  blood  in  dogs  exposed 
to  an  EMP  environment  8 hours  per  day  for  45  days.  Each  point 
shows  a mean  value  with  the  associated  standard  error. 
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Figure  4.  Number  of  neutrophils  per  mm3  Qf  blood  in  dogs  exposed 
to  an  EMP  environment  8 hours  per  day  for  45  days.  Each  point 
shows  a mean  value  with  the  associated  standard  error. 
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Figure  5.  Concentration  of  circulatory  lymphocytes  per  mm3  Qf  blood 
in  dogs  exposed  to  an  EMP  environment  8 hours  per  day  for  45  days. 
Each  point  shows  a mean  value  with  the  associated  standard  error. 
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Figure  6.  Platelet  concentration  per  mm3  of  blood  in  dogs  exposed 
to  an  EMP  environment  8 hours  per  day  for  45  days.  Each  point 
shows  a mean  value  with  the  associated  standard  error. 


from  the  same  dogs  and  again  no  differences  were  observed  (Table  I).  Seven 
days  before  irradiation,  the  percentage  of  mitotic  erythrocytic  and  myelocytic 
bone  marrow  cells  was  determined  in  all  dogs.  These  values  did  not  differ  sig- 
nificantly from  those  obtained  in  similar  determinations  7 days  after  the  last 
exposure  (Table  II). 
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Table  1.  Values  of  Cells  Per  mm  of  Blood  1 Year  After 
Exposure  to  5.8  x 106  Electromagnetic  Pulses 


EMP-irradiated 

dogs 

Nonirradiated 

dogs 

Erythrocytes 

6.1  x 106  + 0.3* 

5.9  x 106  + 0.4 

Reticulocytes 

2.1  x 104  + 0.5 

2.2  x 104  + 0.3 

Leukocytes 

10.4  x 103  + 0.5 

10.6  x 103  + 0.6 

Neutrophils 

6.8  x 103  + 0.4 

6.9  x 103  + 0.3 

Lymphocytes 

2.4  x 103  + 0.3 

2.5  x 103  + 0.2 

Platelets 

3.5  x 105  + 0.2 

3.6  x 105  + 0.3 

* Standard  error  of  the  mean 


Table  II.  Fraction  of  Mitotic  Bone  Marrow  Cells  in  Dogs  Exposed 
to  5.8  x 106  Electromagnetic  Pulses  During  45  Days 


7 days  before  EMP  exposure 
7 days  after  last  exposure 


Mitotic 

rubricytes 

Mitotic 

myelocytes 

0.025  + 0.005* 

0.013  + 0.004 

0.026  + 0.003 

0.011  + 0.003 

* Standard  error  of  the  mean 
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All  dogs  were  under  continued  care  of  a veterinarian,  who  performed  routine 
examinations  perodically.  At  no  time  were  any  damaging  effects  observed  in 
the  animals  exposed  to  the  electromagnetic  environment.  The  litters  of  the 
four  irradiated  pregnant  female  dogs  were  similar  in  size  (four  to  six  pups  per 
litter)  to  those  of  the  four  nonirradiated  control  animals.  All  pups  were  clini- 
cally normal.  On  return  to  the  dog  colony  in  Richmond,  VA,  the  four  EMP- 
exposed  male  dogs  and  their  four  nonexposed  controls  were  mated  with  normal 
female  beagles  from  the  colony.  In  all  cases,  sizes  of  litters  were  normal  (five 
to  six  pups)  and  indicated  no  differences  in  mating  capabilities  between  the 
irradiated  and  nonirradiated  male  beagles.  Veterinary  examinations  of  the  pups 
disclosed  no  abnormalities  in  the  newborn  dogs  sired  by  previously  irradiated 
male  beagles. 

DISCUSSION 

The  previously  reported  studies  using  rodents  (2,3)  were  designed  to  determine 
the  possiblity  of  biological  injury  from  exposure  to  an  EMP  environment  under 
maximum  adverse  conditions.  These  conditions  were  considerably  in  excess  of 
those  normally  encountered  by  workers  who  operate  EMP  facilities  (2,4).  No 
biological  damage  was  observed  under  these  conditions  for  rats  and  mice. 

The  dog  experiment  was  designed  to  simulate  more  closely  personnel  exposure 
to  EMP  for  approximately  8 hours  per  day  for  about  6 weeks.  Nevertheless,  the 
physical  exposure  parameters  were  still  in  considerable  excess  of  those  normal- 
ly encountered  by  workers  in  EMP-stimulated  environments.  The  biological 
parameters  studied  in  the  dogs  were  similar  to  those  observed  earlier  in  rats 
(2,3).  However,  the  production,  distribution,  and  function  of  the  hematological 
cells  in  dogs  are  more  similar  to  those  of  man.  The  absence  of  any  deleterious 
effects  observed  in  dogs  exposed  to  the  EMP  environment  allows  the  assumption 
with  much  greater  confidence  that  man  similarly  faces  no  hazards  under  these 
conditions. 
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